their narrow gut, specialized mandibles and a solids filtration system to consume a liquid diet [9] . Any solids must be ground down and enzymatically pre-processed prior to consumption. The high protein and fat content of Beltian bodies, as well as occasional nectar feeding, mean that adequate nutritional resources can be acquired without the necessity of capturing and consuming animal prey. The switch from hunting to foraging on plant products was also accompanied by other behaviors that are atypical for spiders. Most spider species are solitary and aggressively territorial, but B. kiplingi was found to be present at high densities on acacias, numbering in the hundreds on a single tree. This reduced aggression must be attributable to a great reduction in local resource competition [11] , because of the free and abundant availability of relatively easily acquired nutritional resources. Interactions between males were frequent because of the high population density, and highly ritualized dominance behaviors were observed (C. Meehan, personal communication).
Aggregations, or colonies, of B. kiplingi established on ant-acacias have been termed 'quasi-social', because they differ from other social spiders in that there is no evidence of cooperative behavior between individuals. In 'true' social spiders, however, the primary cooperative behavior observed is usually that of group prey capture using communal webs, something which is clearly absent from the lifestyle of the vegetarian B. kiplingi. Characteristics that B. kiplingi shares with social spiders [9] are: the presence of a skewed sex ratio, where females outnumber males two to one; and the observation that female spiders guard their young in breeding nests (C. Meehan, personal communication). Although exceptional, an overlap of generations was even observed in one large breeding nest with adults, juveniles and egg clutches all being present.
Clearly the social structure of B. kiplingi colonies is highly reminiscent of many eusocial insects, such as ants and wasps, and this will surely provide a fruitful direction for future research by the investigators of this system. It seems that the transition from hunter to gatherer in this uniquely vegetarian spider has facilitated a suite of additional behavioral changes which might suggest an alternative route to sociality. One wonders how many more surprises await us in this remarkable system. Aging: Fruit Flies Break the Chain to a Longer Life Mitochondria have long had an enigmatic role in the biology of aging. New research in Drosophila reveals an evolutionarily conserved function for the mitochondrial electron transport chain in the modulation of animal lifespan. Nancy J. Linford and Scott D. Pletcher* Aging and mitochondria have always made uneasy bedfellows. The suggestion of perhaps the earliest mechanistic model of aging, the 'rate of living' theory, was that each living organism was granted a fixed amount of 'vital substance' at birth. Individuals spent their reserve according to the pace of life, and, when it was gone, your time was up [1] . Processes such as growth and reproduction, which consumed this vital substance, would trade-off to shorter longevity. As cellular energy pathways were unraveled in the mid-twentieth century, the notion of a vital substance gave way to the influence of metabolism and the organelle responsible for it: the mitochondrion. Energy consumption became the currency of life, and toxic by-products of oxygen consumption through the mitochondrial electron transport chain (ETC) would now bring slow death, like rust on a machine [2] .
Over the years, the presumed role of mitochondria in aging has continued to evolve, often contentiously. The rate of living theory argues that mitochondrial activity limits lifespan. On the other hand, mitochondrial function declines with aging, and defects in human ETC function are lethal or debilitating. Boosting mitochondrial function may therefore be the key to long life. Indeed, studies from the brewer's yeast Saccharomyces cerevisiae and the nematode worm Caenorhabditis elegans have indicated that, in certain cases, mitochondrial restriction extends lifespan, while in other instances mitochondrial activation is beneficial. Unraveling the importance and complexity of this relationship for human biology is therefore a major goal of aging research. In this issue of Current Biology, Copeland et al. [3] take a significant step forward and report that loss of function in selective components of the mitochondrial ETC extends lifespan of the fruit fly Drosophila melanogaster. Surprisingly, the longevity effects of ETC manipulation do not require reductions in overall energy levels or lead to obvious energetic trade-offs in growth or reproduction. They also do not lead to general stress resistance, as might be expected by a reduction in toxic cellular by-products. These results suggest that evolutionarily conserved regulatory mechanisms, separate from energy consumption and accumulation of damage, link mitochondria and aging.
Chain Reaction
Mitochondrial genes have been implicated in longevity since the beginning of the 'genetic era' in aging research. In C. elegans, two of the earliest single-gene mutations found to increase lifespan, clk-1 and isp-1, were shown to reduce ETC function [4] . Reactive oxygen species (ROS) production from normal mitochondrial respiration has been estimated at up to 1% of flux through the ETC, and longevity of these early mitochondrial mutants was initially attributed to reduced oxidative stress due to the limited respiration -a modern rate of living explanation. This idea of extending lifespan through limiting oxidative damage was supported by findings that transgenic expression of antioxidant molecules could reduce aging in worms, flies, and mice. Despite suggestive correlations, however, direct experimental evidence showing that damage from endogenous ROS generation limits normal lifespan remains scant, and the effects of antioxidant interventions tend to be small, highly variable, and difficult to repeat. Furthermore, high levels of oxidative damage are found in very long-lived species, such as the naked mole rat [5] , and elevation of oxidative damage in more traditional rodent models fails to shorten lifespan [6] .
An initial clue that other mitochondrial pathways might be involved came in with the first results of RNA interference (RNAi) screens for longevity regulators in C. elegans [7, 8] .
These studies revealed a developmental window that was necessary and sufficient for the effects of ETC knockdown. The mitochondria must be inducing long-lasting changes in longevity potential independent of lifelong ETC function. Furthermore, this was a new longevity pathway independent of known pathways mediated by diet and insulin signaling. Was this just a peculiarity of nematode development or might this represent a larger category of longevity mechanisms that could offer insight for human biology?
Copeland et al. [3] set out to answer this question by taking advantage of a new library of transgenic Drosophila strains that allows for systematic analysis of nearly all genes in the genome through RNAi-mediated knockdown. They began by expressing RNAi constructs for 53 different ETC genes in all tissues of the fly using the traditional GAL4-UAS system. Not surprisingly, knockdown of most ETC subunits led to failed development or early adult mortality. However, a few produced a robust longevity extension. To avoid any potential confounding effects of genetic background, they replicated the results using the GeneSwitch inducible system [9] . These studies confirmed the initial results and revealed that, in some cases, adult-specific or neuronspecific knockdown is sufficient to extend lifespan. While some of the knockdowns altered stress resistance and/or reproductive rate, there were no consistent trends to implicate either the rate of living or reduced cellular damage theories (Figure 1 ).
Things became less clear when these authors began to explore possible mechanisms responsible for the lifespan extension. Are their mitochondria working at a slower pace? Copeland et al. [3] found no indication that impaired respiratory output was required for longevity. For example, ETC assembly was reduced in some manipulations that extended longevity but not others, and ATP levels were largely unaffected (Figure 1 ). These findings correspond with those in C. elegans, where restriction of ETC subunits with a similar RNAi technique extends lifespan for mild downregulation but produces lethality when the downregulation is too severe [10] . Nevertheless, they provide another nail in the coffin for a simple model of aging as a passive outcome Figure 1 . Phenotypes of electron transport chain knockdown. Copeland et al. [3] used RNA interference to knock down the expression of genes that encode components of the electron transport chain (ETC) in Drosophila. They find that knockdown of certain ETC components throughout life and in the adult stage only extend the lifespan of the fly. Several other traits were examined but there was little consistency in the effects of knockdown. Some phenotypes were reduced upon RNAi (red blocks), while others were increased (green block) or exhibited little change (gray blocks). Two genes in complex I (each represented by a different column) were found to affect lifespan, and they impacted other traits in different ways. Detailed analysis of knockdown of complex II components was not carried out.
of mitochondrial respiration and its associated damage.
Chain Letter
The Copeland et al. [3] study therefore adds to a growing body of evidence implicating active regulatory mechanisms linking mitochondria to aging. Unfortunately these authors were only able to speculate on the nature of these mechanisms, and we look forward to future work revealing the molecular pathways involved. One possibility is the retrograde response, a set of signaling pathways that alert the nucleus to changes in mitochondrial function. In yeast, the retrograde response is required for extended lifespan in cells that lack mitochondria [11] . In both nematodes and mammalian cell culture, global changes in gene transcription following knockdown of respiratory genes and loss of mitochondrial DNA, respectively, resemble the yeast retrograde response, and at least one of the genes with altered expression affects worm lifespan [12] .
Notably, mitochondria can signal to the nucleus using a variety of small molecules, including ROS themselves. In the Drosophila eye, for example, low levels of ROS trigger a cell-cycle checkpoint but allow most other cellular functions to proceed normally. Only at higher concentrations is there evidence of acute damage that triggers cell death pathways [13] . Subtle changes in redox state can directly affect pathways that control mitochondrial number and activity. Interestingly, longevity extension through diet restriction increases respiration and induces mitochondrial biogenesis in mice, and increased respiration is required for diet-induced longevity in both yeast and worm [14] .
How might the retrograde response extend lifespan? One possibility is that reduced ETC function is leading to a compensatory mitochondrial biogenesis response, which may stimulate increased mitochondrial turnover and clearance of damaged mitochondria. Another possibility is that altered ETC function may impinge upon known longevity pathways. For instance, stimulation of transcription mediated by the FOXO transcription factors is part of the retrograde response and may simulate reduced insulin signaling, a known mechanism of longevity [13] . Transcriptional profiling of long-lived antioxidantoverexpressing flies shows strong overlap with manipulations of insulin signaling and supports the concept that the retrograde response may be a key site of longevity regulation by ROS [15] .
New Link in the Chain
There are other tantalizing hypotheses in addition to activation of nuclear gene expression. Knockout of the mitochondrial ETC assembly chaperone Surf1 in mice leads to altered calcium homeostasis in otherwise normal-appearing mitochondria [16] . In particular, these mice fail to mobilize calcium in response to an excitatory stimulus. Notably, both flies and mice deficient in neuronal Surf1 are long-lived [16, 17] . How might calcium homeostasis relate to longevity? Reduced calcium mobilization may be important for reducing the neurodegeneration associated with neurotoxic insults. Also, it is intriguing to speculate that altered calcium homeostasis may be affecting lifespan independent of pathological events, potentially altering calcium-sensitive synaptic transmission or neuroendocrine release.
Chain of Command
The work of Copeland et al. [3] also supports the notion that longevity can be regulated by manipulations that specifically target neurons. In both worms and flies, alterations of specific aspects of neuronal signaling, such as those involving neuroendocrine or neurosensory cells, can extend lifespan [18] . This is good news for the aging field. If longevity can be achieved by manipulating only neurons or even a subset of neurons, then interventions can be targeted to avoid negative side effects associated with delivery. Copeland et al. [3] , for instance, find fewer side effects of neuronal ETC knockdown, and ubiquitous loss of Surf1 results in larval lethality while neuron-specific loss extends Drosophila lifespan [17] . It will be interesting to see whether future screens adopting a neuron-specific approach reveal novel longevity pathways.
Chain Gang
One of the striking features of aging research is the ability of theories that rise based on intuitive appeal and fall following failed empirical testing to become reincarnated in a slightly modified form. Here we see evidence of this in two such theories of aging, known as the rate of living theory and its successor the oxidative stress model. Despite their difficulties, some of the key points in these theories continue to remain central to the newer models of aging. In particular, we note that the mitochondria remain a centerpoint of aging, but not as leaky engines that create energy and clog up the cell with damaged macromolecules. Instead, we turn to the roles of mitochondria as regulators of nuclear longevity programs or as guardians of ion homeostasis. We even see that ROS, previously thought to be only toxic agents of damage, are potentially key players in this mitochondria-nucleus crosstalk, which may be a key feature of longevity. Here is some number magic: pick a number, square it, add ten times the original number, add 25, take the square root (rounding to the nearest whole number), finally, subtract your original number. The number you now have is five! We of course do not posses magical powers to read your mind while you are reading Current Biology, but in this issue Eger et al. [1] brilliantly show that no tricks are required to know the number that your brain is processing. They used high resolution functional magnetic resonance imaging (fMRI) together with a matching task, in which adult human subjects had to compare a number to a sample that had been presented earlier. As with previous studies investigating perceptual or cognitive processes in the human brain [2] , their analysis was based on multivariate pattern recognition. Conventional (univariate) fMRI analysis methods assess activation for different experimental conditions within each voxel; multivariate pattern recognition analysis (MVPA) uses pattern classification algorithms to decode the information embedded in the spatial pattern of activity across multiple voxels [3] . For example, if the subjects are presented with faces and houses, and the pattern of activity across multiple voxels can discriminate between them, one could conclude that the multi-voxel pattern of fMRI data is differentially selective for faces and houses. The method is particularly useful when investigating stimuli and functions such as numerical, spatial and temporal magnitudes which activate largely overlapping areas of the brain.
In their first experiment Eger et al. [1] showed that it is possible to classify a number of dots -4, 8, 16 or 32 -presented during the sample period apparently independently of other magnitude dimensions, such as size and luminance, which are tightly linked with numerical magnitude [4, 5] . The decoding of dot number was most significant in the intraparietal sulcus (IPS), a core area for numerical representation [6] , but additional foci appeared also in premotor areas, indicative of the known close, automatic association between numbers and action planning [7, 8] .
In the second experiment, Eger et al.
[1] went a step further and examined whether it is possible to classify not only numbers in non-symbolic notation that can be used also by non-human species and human infants, but also numbers in symbolic notation that are culturally and educationally acquired [9] . In this experiment different numbers were used (2, 4, 6, and 8).
The authors probed discrimination of number-evoked patterns within a given notation. They also trained their MVPA classifier on dot patterns and tested it on digits, and as well as trained it on digits and tested it on dots. This is a critical point, and with major implications for theories of numerical cognition, which assume either that numerical representation is abstract -for example, there is a single, unified quantity representation of '6', 'six', ':::' and 'VI' -or that it is non-abstract -the quantity representations of '6', 'six', ':::' and 'VI' are distinct and format-dependent [6] .
The predictions for MVPA in the case of numerical representation are therefore clear cut: if the internal representation for numbers is abstract, it will not be possible to code the number in the IPS according to the presented notation. Moreover, the classification will be independent of the sensory inputs (for example, dots versus digits), so that a classifier trained on dot patterns will generalise to digits, and vice versa. In contrast, non-abstract numerical representation will lead to the ability to discriminate between the pattern that is evoked by dots and digits, and will predict that, at best, there will be some asymmetry in the generalisation between the notations [10] .
Several important results obtained in the IPS by Eger et al. [1] give strong support for the theory that the default numerical representation is primarily non-abstract [6] . First, the classifier was able to successfully discriminate the notation in which the number was presented (w80% correct, in which 50% is considered the chance level). Second, while discrimination of digits generalised to dot notation just above the chance level (w57% correct), the within dots notation was successful, but failed to generalise to digits. Third, the authors examined the possibility of gradual changes in activation pattern as a function of the numerical magnitude, which is akin to the metaphor of representing numbers on a mental number line that has
